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© Present invention provides a method of holding 
substrate and a substrate holding system where the 
amount of foreign substances on the back surface 
can be decreased, and a little amount of foreign 
substances may be transferred from a mounting 
table to a substrate. The substrate holding system 
comprises a ring-shaped leakage-proof surface hav- 
ing smooth surface on the specimen table corre- 
sponding to the periphery of the substrate, a plurality 
of contact holding portions against the substrate on 
the specimen table between the corresponding posi- 
tion to the periphery of the substrate and the cor- 
responding position to the center of the substrate, 
and electrostatic ttraction means for fixing the sub- 
strate by contacting the back surface of the sub- 
strate to the ring-shaped leakage-proof surface and 
the contact holding portions. The substrate contacts 
to the cooling surface at the ring-shaped leakage- 



proof surface and the contact holding portion placed 
on a position inside the ring-shaped leakage-proof 
surface. The back surface of the substrate and the 
cooling surface do not contact to each other in the 
large portion of the remaining area. 

FIG. 2 
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Background of the Invention 

Field of the Invention 

The present invention relates to a method of 
holding a substrate and a substrate holding system 
to hold a substrate certainly in a production pro- 
cess for treating the substrate such as semicon- 
ductor device while it is being cooled. 

Description of the Related Art 

Among substrate treating apparatuses of a pro- 
duction process for semiconductor devices, there 
are a lot of substrate treating apparatuses requiring 
to cool substrates, such as a plasma treatment 
apparatus, a spattering apparatus, a dry etching 
apparatus, a CVD (chemical vapor deposition) ap- 
paratus and a high energy ion implantation appara- 
tus. Since the treating environment in these ap- 
paratuses is generally vacuum, it is difficult to cool 
a substrate by contacting it to a cooling surface as 
in the atmospheric pressure because of decrease 
in thermal conductivity. Although there is abundant 
literature for thermal conductivity in vacuum (rar- 
efied gas), the amount of heat transferred by con- 
tact is small because of small real contact area 
when common contact surfaces come into contact 
with each other. Especially in heat transfer between 
a substrate and a cooling surface, it is difficult that 
the substrate is strongly pressed to the cooling 
surface since there is possibility to caused the 
damage of substrate. Therefore, various ideas such 
as placing soft elastomer on the surface contacting 
to a substrate have been proposed. However, in 
resent years, it becomes ordinary that a gas is 
introduced between a substrate and a cooling sur- 
face to cool the substrate using the gas as a 
coolant, since heat load in the substrate increases 
or requirement to cool the substrate to lower tem- 
perature arises. 

There are various types of gas cooled sub- 
strate holding systems. They can be roughly cate- 
gorized into the followings: (1) a gas cooling type 
where the back surface of a substrate and a cool- 
ing surface contact to each other and a gas is 
introduced into the gap between the both surfaces 
formed by the surface roughness, and (2) a gas 
cooling type where the back surface of a substrate 
and a cooling surface do not contact to each other 
and a gas is introduced into the gap between the 
both surfaces in the same way as above. 

The prior art of gas cooling type belonging to 
the former are described in, for example, Japanese 
Patent Publication No.2-27778 (1990), Japanese 
Patent Application Laid-Open No.62-274625 (1987), 
Japanese Patent Application Laid-Open No.1- 
251375 (1989), Japanese Patent Application Laid- 



Open No.3-1 54334 (1991) and Japanese Utility 
Model Application Laid-Open No.4-8439 (1992). 
And the prior art of gas cooling type belonging to 
the latter are described in, for example, Japanese 

5 Patent Application Laid-Open No.63-102319 (1988), 
Japanese Patent Application Laid-Open No.2- 
312223 (1990), Japanese Patent Application Laid- 
Open No.3-1 7471 9 (1991). Further, there is another 
type, described in Japanese Patent Application 

w Laid-Open No.2-30128 (1990), where before intro- 
ducing a cooling gas the back surface of a sub- 
strate and a cooling surface contact to each other, 
but during cooling the substrate is pushed up due 
to gas pressure caused by introducing a cooling 

rs gas and does not contact to the cooling surface. 

In these cooling, providing that a certain cool- 
ing gas is used, the cooling capacity (magnitude of 
transferred heat) with the cooing gas depends on 
the pressure of the gas and the distance between 

20 the back surface of a substrate and a cooling 
surface (gap in the back surface of the substrate). 
FIG.8 schematically shows the characteristic of 
thermal conductivity in low pressure. When the 
pressure of the cooling gas is low, the amount of 

25 transferred heat is proportional to the pressure of 
cooling gas and independent of the magnitude of 
the gap between both of the surface. When the 
pressure of the cooling gas is higher than the 
pressure P0 where the mean free path of the 

30 cooling gas nearly agrees to the gap, the amount 
of transferred heat becomes constant and indepen- 
dent of the gas pressure. The pressure of the 
cooling gas in the type (1) described above is 
generally in the region where the heat transfer is 

35 proportional to pressure, and the pressure of the 
cooling gas in the type (2) described above is 
generally in the region where the heat transfer is 
independent of pressure. 

Characteristics and problems in various cooling 

40 methods of substrate will be described below. 

First, description will be made on the case 
where cooling is performed under a condition that a 
substrate contacts to a cooling surface. The cooling 
methods belonging to this type are Japanese Pat- 

45 ent Publication No.2-27778 (1990), Japanese Pat- 
ent Application Laid-Open No.62-274625 (1987), 
Japanese Patent Application Laid-Open No.1- 
251375 (1989), Japanese Patent Application Laid- 
Open No.3-1 54334 (1991) and Japanese Utility 

so Model Application Laid-Open No.4-8439 (1992). In 
the cooling method of this type, although the sub- 
strate and the cooling surface contact to each 
other, only the most protruded portions on the 
cooling surface contact with the substrate when it 

55 is observed in detail. The indented portions on the 
cooling surface and on the substrate do not contact 
to each other, and the gaps are approximately 
10um to 50um although it depends on the surface 
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roughness. In a case where a cooling gas is intro- 
duced in the gap, the pressure is generally several 
Torrs which is in a region nearly equal to the mean 
free path. Therefore, a sufficient cooling efficient 
can be obtained by properly setting the pressure 
as shown in FIG.8. 

However, when the cooling gas is supplied 
from a specified single portion as shown in the 
figure in Japanese Patent Publication No. 2-27778 
(1990), the pressure is highest in the cooling gas 
supplying portion and decreases as it goes toward 
the peripheral portion of the substrate. Since the 
cooling efficiency has pressure dependence as 
shown in FIG. 8, there arises a disadvantage that 
uniformity of the temperature distribution is deterio- 
rated due to non-uniformity of the cooling effi- 
ciency. If there is no gas leakage, that is, no gas 
flow, the pressure distribution does not occur and 
the temperature distribution becomes uniform. 
However, in order to achieve this, the peripheral 
portion of the substrate needs to be shielded. This 
example is described in Japanese Patent Applica- 
tion Laid-Open No.62-274625 (1987) or in Japa- 
nese Utility Model Application Laid-Open No.2- 
135140. Further, the method in which cooling gas 
is supplied from plural portions to make the pres- 
sure distribution on the back of the substrate uni- 
form is described in Japanese Patent Application 
Laid-Open No.1-251735 (1989) or in Japanese Pat- 
ent Application Laid-open No.4-61325 (1992). In 
any case, in these cooling methods, since the back 
surface of the substrate and the cooling surface 
contact to each other in a large area, there is a 
disadvantage that there are a lot of foreign sub- 
stances on the back surface of the substrate at- 
tached by contacting to the cooling surface. Fur- 
ther, in order to prevent the cooling gas from 
leakage through the peripheral portion of the sub- 
strate using a shielding material, the load for the 
shielding needs to be applied. Therefore, means 
tightly fixing the substrate with some manner is 
required. 

Description will be made below on the cooling 
method where a substrate and a cooling surface do 
not contact to each other from beginning and a 
cooling gas is supplied into the gap. The prior art 
of this method is described in Japanese Patent 
Application Laid-Open No.3-174719 (1991) or in 
Japanese Patent Application Laid-Open No. 4-6270 
(1992), in which a substrate is mechanically fixed 
to a cooling surface from the top surface or the 
side surface of the substrate. Since the substrate, 
in these examples, is mechanically fixed, there is a 
disadvantage that foreign substances are apt to be 
produced at the fixing portion. In the methods 
described in Japanese Patent Application Laid- 
Open No.63-102319 (1958) and in Japanese Patent 
Application Laid-Open No.2-30128 (1990), a sub- 
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strate is not fixed specially, but is held by the 
weight of substrate itself. In this case, in order that 
the leakage of the cooling gas is not increased so 
much or the substrate is not floated up, the pres- 
s sure of the cooling gas has to be limited low. This 
causes a disadvantage that the cooling efficiency is 
decreased. 

Electrostatic adhesion is known as a method of 
fixing a substrate electrically. An example where a 

w substrate is fixed to a cooling surface with this 
method and projections are provided on the periph- 
ery of the substrate is described in Japanese Pat- 
ent Application Laid-Open No.62-208647 (1987). A 
substrate contacts to a cooling surface only a plu- 

/5 rality of projections provided in separate spaced 
relation on the outer periphery and inner periphery 
of the substrate, which is described as a prior art in 
the Japanese Patent Application Laid-Open No.62- 
208647 (1987). And this example is described that 

20 cooling gas easily leaks and adhering force is 
unstable. Further, in order to improve this method, 
it is effective that the outer periphery is not projec- 
ted and the projections are provided only on the 
inner peripheral portions, and further the projec- 

25 tions in the inner periphery are provided in the 
central portion instead of separate spaced relation. 
In this case, the gap between the substrate and the 
cooling surface becomes non-uniform over the sur- 
face of the substrate, which causes non-uniform 

30 pressure distribution on the back surface of the 
substrate. When the gap between the back surface 
of the substrate and the cooling surface is different 
by position, the ratio of the mean free path of the 
cooling gas and the gap has a distribution over the 

35 surface of the substrate. Therefore, it arises a dis- 
advantage that the temperature distribution is apt to 
become large due to the difference in cooling effi- 
ciency as can be understood from FIG. 8 even if the 
pressure distribution is not so large. In the electro- 

40 static adhering method described in this example, 
there are provided a positive and a negative elec- 
trodes on the cooling portion to which a direct 
current high voltage is applied to produce electro- 
static adhering force. In the electrostatic adhering 

45 method of this type, there may arise a disadvan- 
tage in that when a substrate is treated in a plas- 
ma, electric charge on the surface of substrate by 
irradiated ions or electrons is apt to be non-uni- 
form, current flowing on the surface of substrate to 

so damage the substrate. 

Each of the conventional technologies, as de- 
scribed above, aims mainly to cool a substrate 
efficiently. However, as increasing in integration of 
semiconductor device in recent years, it is required 

55 to decrease the amount of small foreign sub- 
stances such as particles or dusts and heavy metal 
impurities less than the allowable limit in the past. 
The same can be said on the foreign substances 
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attached on the back surface of a substrate. When 
the amount of foreign substances attached on the 
back surface of a substrate is large, there arises a 
disadvantage in the next process that the foreign 
substances on the back surface are attached to the 
top surface of an adjacent substrate, or are re- 
moved once from the substrate and attached to 
another substrate. Therefore, decreasing the 
amount of foreign substances is an important prob- 
lem for stabilizing the semiconductor production 
process or improving the yield. Attaching foreign 
substances on the back surface of a substrate 
occurs by contacting the back surface of the sub- 
strate to another member. Therefore, a lot of for- 
eign substances are attached to a substrate by 
contacting to a cooling surface for the substrate. 

Further, the prior art does not refer to the 
consideration against substrate size. Although it is 
mentioned that the influence upon the process is 
lessened by leaking cooling gas into the treating 
chamber with adhering force as small as possible, 
the relation between the adhering force and the 
cooling gas pressure is not mentioned. 

A conventional substrate holding system in a 
substrate etching apparatus generally employs a 
method in which a substrate is pressed its periph- 
ery with hooks to hold* as described in Japanese 
Patent Application Laid-Open No.2-1 48837 (1990) 
or Japanese Patent Application Laid-Open No.2- 
267271 (1990). When there is such a member 
contacting to the surface of the substrate, problems 
arise in that the contact portions in the substrate 
are obstructed to be etched, the contacting mem- 
ber itself being also etched in some kind together 
with the substrate. As the results, the foreign sub- 
stance sources such as reaction products are at- 
tached to the contacting member and the contact- 
ing member being damaged, which may lead to 
producing foreign substances. 

On the other hand, in a substrate holding meth- 
od in which a substrate is held using electrostatic 
force (hereinafter, referred to as "electrostatic ad- 
hering"), as described in, for example, Japanese 
Patent Application Laid-Open No.2-1 35753 (1990), 
a substrate is placed on an electrostatic adhering 
portion made of a dielectric material and a high 
voltage is applied to them to hold the substrate 
with electrostatic adhering force. In this case, there 
is no special member to press the substrate in the 
periphery of the substrate. Therefore, the problem 
of the possibility of producing the foreign sub- 
stances as described in the above example is 
solved. However, the positional relationship be- 
tween the substrate and the electrostatic adhering 
member is that the substrate is placed in the 
uppermost (substrate etching space side) and a 
step is formed in the electrostatic member such 
that the electrostatic adhering member comes to 



be placed below the substrate. When such a step 
exists, gas flow during etching a substrate changes 
abruptly at the periphery of the substrate to cause 
a non-uniform etching in the substrate in some 

s cases. 

Summary of the Invention 

An object of the present invention is to provide 

w a method of holding substrate and a substrate 
holding system where amount of foreign sub- 
stances on the back surface can be decreased, 
and a little amount of foreign substances may be 
transferred from a mounting table to a substrate. 

is Another object of the present invention is to 

provide a method of holding substrate and a sub- 
strate holding system where the deformation in a 
large diameter substrate can be suppressed, and 
the cooling efficiency for the substrate can be kept 

20 in sufficiently high. 

A further object of the present invention is to 
provide a method of holding substrate and a sub- 
strate holding system where the damage of a sub- 
strate caused during treating the substrate can be 

25 prevented. 

A still further object of the present invention is 
to provide a method of holding substrate and a 
substrate holding system where a cooling gas can 
be speedy filled over the back surface of a sub- 

30 strate when the cooling gas is introduced after the 
substrate is electrostatically attracted, and sub- 
strate temperature control suitable for high pro- 
ductivity can be performed. 

Another object of the present invention is to 

35 improve the product yield of substrate etching and 
the availability of the substrate etching apparatus 
by means of providing the substrate holding sys- 
tem decreased in foreign substances as described 
above and being capable of performing uniform 

40 etching. 

According to the present invention, it is pro- 
vided a ring-shaped leakage-proof surface having 
smooth surface on the specimen table correspond- 
ing to the periphery of the substrate, a plurality of 

45 contact holding portions against the substrate on 
the specimen table between the corresponding po- 
sition to the periphery of the substrate and the 
corresponding position to the center of the sub- 
strate, and electrostatic attraction means for gen- 

50 erating an electrostatic attraction force to attract the 
substrate towered the ring-shaped leakage-proof 
surface and the contact holding portions. 

In order to decrease the foreign substance 
which may be adhered on a substrate, it is effec- 

55 five to decrease the contact area between a cooling 
surface and a substrate. However, the distance 
between the cooling surface and the back surface 
of the substrate needs to be kept in a distance so 



4 




EPO 



as not to decrease the cooling efficiency through a 
cooling gas. In order to realize this, a small high 
step is provided on the cooling surface such that 
the back surface of the substrate and the cooling 
surface do not contact to each other even if wheth- 
er the cooling gas is introduced or not. Although 
the cooling surface and the back surface of the 
substrate contact to each other at protruded por- 
tions provided on the step portion of the cooling 
surface, the area of the contact portions needs to 
be limited to as small as necessary. In the present 
invention, therefore, an electrostatic attraction func- 
tion is given to the cooling surface to attract the 
substrate to the protruded portions of the cooling 
surface. 

Prevention of leakage of the cooling gas has to 
be considered. According to the present invention, 
this can be attained by providing a ring-shaped 
protruded portion having smooth surface, that is, 
leakage-proof surface, on the cooling surface cor- 
responding to the peripheral portion of a substrate, 
fixing the back surface of the substrate to the 
cooling surface with electrostatic adhesion to pre- 
vent the cooling gas from leaking. 

According to the present invention, the follow- 
ing effects are abtained. One of the effects is a 
solution for the problem on the transportation of 
foreign substances in a pusher portion relating to 
handling of substrate. The pusher provided inside 
or through a mounting table contacts to other 
members and cannot avoid from a foreign sub- 
stance source. In the present invention, the excess 
cooling gas flows toward the opposite side of the 
mounting table through the hole. Since the foreign 
substances produced are curried in the opposite 
direction to the substrate, the amount of foreign 
substances attached to the substrate is decreased. 

Another effect of the present invention is that a 
cover is provided in the back surface of the mount- 
ing table to protect the mechanism in the back 
surface of the mounting table from attaching of 
reaction products for a long time as far as possible. 
Since complex mechanisms such as coolant sup- 
plying system and vertical driving mechanism for 
mounting table are usually constructed in the back 
of the mounting table, it is troublesome in handling 
when the reaction products produced by etching 
attach to these parts. In order to avoid this, accord- 
ing to the present invention, a cover is provided in 
the back surface of the mounting table such that 
the excess gas of cooling gas flows into the inside 
of the cover, the pressure inside the cover being 
kept higher than the pressure in the treatment 
chamber during treating to suppress the reaction 
products to enter the treatment chamber, which 
protects the mechanism in the back surface of the 
mounting table from attaching of reaction products 
for a long time as far as possible. 
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The prevention of damage in substrate can be 
attained by connecting the electric circuit for elec- 
trostatic adhesion from the substrate side to an 
earth part such as the vacuum chamber through 

5 the plasma to minimize the electric potential over 
the surface of substrate. 

According to the present invention, a substrate 
contacts to a cooling surface at a ring-shaped 
leakage-proof surface and at contact holding por- 

w tions positioning in the inner side of the ring- 
shaped leakage-proof surface. However, since the 
back surface of the substrate does not contact to 
the cooling surface in the most remaining part of 
the area, attaching of foreign substances caused 

is by contact can be prevented. Although the cooling 
efficiency for the substrate cooling is decreased a 
little comparing to when the substrate contacts to 
the cooling surface under the same pressure of the 
cooling gas, a sufficient cooling efficiency can be 

20 obtained by forming the step on the cooling sur- 
face smaller than approximately 100 times of the 
mean free path of the cooling gas. The gap be- 
tween the back surface of the substrate and the 
cooling surface is large comparing to that in the 

25 conventional cooling method where the substrate 
and cooling surface contact to each other over the 
whole surface. Therefore, the conductance between 
the both surfaces is large so that supplying and 
exhausting of cooling gas are easily performed. 

30 That is, the time to supply and exhaust the cooling 
gas is short, and then the time for treating a 
substrate can be shortened. Further, there is a 
function that the conductance at contact portion of 
the periphery of the substrate and the cooling 

35 surface is very small comparing to the non-contact 
portion of the inner portion of the substrate (in the 
molecular flow region, the conductance is propor- 
tional to the square of gap), the pressure difference 
across the non-contact portion being small, that is, 

40 the cooling efficiency being uniform. 

When a substrate temperature is controlled us- 
ing a cooling gas as a coolant, the pressure of the 
cooling gas is required to be higher than 2 Torrs. 
And the higher the pressure is, the higher the 

45 efficiency of heat transfer becomes. On the other 
hand, the electrostatic adhering force largely de- 
pends on the temperature of the substrate to be 
controlled. In a process of production line today, 
the temperature is approximately -60 *C to 

so +100'C, the adhering force of 40 to 100 gf/cm 2 
being stably obtained under applied voltage in gen- 
eral of 300 to 1000V. Concerning the pressure 
control of cooling gas, it is difficult to control the 
pressure precisely, since the pressure largely 

55 changes depending on the time constant of the gas 
supplying system or the relationship between the 
relative roughnesses of contact surfaces of the 
substrate and the mounting table. Therefore, the 
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target of the pressure control may be, for example, 
10Torrs ± 5Torrs. 

When the outer periphery of the substrate is 
fixed by adhesion with the conventional method 
and a gas is filled in the back of the surface with 
the pressure of 10 Torrs, the substrate is deformed 
by 0.1 to 0.25mm. This magnitude of deformation 
degrades the work accuracy of substrate etching 
as well as lessens the heat transfer efficiency by 
cooling gas. To solve this problem, adhering por- 
tions are additionally provided on the center side of 
a substrate, for example, one ring-shaped adhering 
portion for 6" substrate, two ring-shaped adhering 
portions for 8" substrate, in addition to the adher- 
ing portion on the periphery of the substrate. 
Therewith, the deformation can be prevented. 

It is well known that when a substrate contacts 
to another member, foreign substances are cer- 
tainly attached to the contact point. From this point 
of view, it is clearly preferable that the electrostatic 
adhering surface is small. However, taking pressure 
control level and adhering force into consideration 
as described above, it is suitable in the up-to-date 
technical level that the adhering area is less than 
approximately half of the total area of the substrate. 
This is because that when electrostatic adhering 
force is 40 gf/cnr)2 and adhering area is half of the 
total area, the total adhering force for 8" substrate 
becomes approximately 6280 gf, and the separat- 
ing force with the cooling gas of 15 Torrs is ap- 
proximately 61 00 gf . 

Further, by providing a pusher for serving sub- 
strate transportation in a hole penetrating to the 
back surface of the mounting table, the excess 
cooling gas serves as a carrier gas for carrying 
foreign substances produced at the pusher portion 
to prevent the foreign substances from attaching to 
the substrate. In addition to this, the excess cooling 
gas is introduced into the inside of a cover on the 
back surface of the mounting table and makes the 
pressure inside the cover higher than the pressure 
in the treating chamber to prevent contamination of 
and attaching of reaction products to the mecha- 
nisms on the back of the mounting table. 

In order to prevent abnormal discharge from 
occurrence when the high frequency vortage is 
applied to the substrate to generate bias voltage for 
etching the substrate, a high frequency voltage 
applying portion and a standard electric potential 
portion are insulated with an electrically insulating 
material not so as to facing to each other directly. 
In addition to the above measures, a pin for trans- 
porting the substrate is provided and is constructed 
such as to be electrically conductive. Since the 
electrostatic adhering force due to remaining 
charge can be instantaneously disappeared by re- 
moving the charge accumulated in the substrate by 
means of contacting the pin to the substrate when 




the substrate is transported, the substrate is not 
lifted with unnecessary force. 

Since the flow passage to conduct the coolant 
for controlling the temperature of the substrate is 

5 formed with diffusion welding or soldering in such a 
structure that the portion forming the flow passage 
is completely jointed, no seal is required when a 
through hole is provided in any place except the 
flow passage. Therefore, a temperature detector or 

io a detector for detecting the presence or absence of 
substrate. 

In order to make the gas flow on the surface of 
a substrate uniform, a gas flow uniforming member 
(hereinafter referred to as "susceptor") is provided 

rs in the outer peripheral portion of the substrate. The 
surface of the susceptor is in a higher level than 
that of the substrate so that the gas flow does not 
abruptly change at the periphery of the substrate. 
The surface of the susceptor facing to the periph- 

20 ery of the substrate is formed in normal to the 
surface of the substrate to restrict the movement in 
the lateral direction or sliding of the substrate. 
Further, there are some cases in which the reaction 
products produced by substrate etching or the 

25 plasma turns in the gap between the cover mem- 
ber facing to the back surface of the substrate in 
the peripheral portion and the back surface of the 
substrate to attach foreign substances on the back 
surface of the substrate. This phenomena is pre- 

30 vented by means of making the distance between 
the back surface of the substrate and the cover 
member. 

As described above, since the foreign sub- 
stance source attached to a substrate is eliminated 

35 as far as possible, the foreign substances can be 
decreased. Further, since the gas flow is uni- 
formed, the uniformity in the substrate etching over 
the surface can be improved. Since the detector for 
measuring substrate temperature and the detector 

40 for detecting the presence or absence of substrate 
can be easily installed by means of modification of 
the structure and the manufacturing method of the 
substrate holding system, the reliability and the 
operability of the apparatus can be improved. 

45 

Brief Description of the Drawings 

FIG.1 is a vertical cross-sectional view showing 
an outline of a substrate treatment apparatus to 
so which a substrate holding system in accordance 
with the present invention is applied. 

FIG. 2 is a vertical cross-sectional view showing 
an embodiment of the substrate holding system in 
FIG.1. 

55 FIG. 3 is a vertical cross-sectional view showing 

another embodiment of the substrate holding sys- 
tem in FIG.1. 
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FIG.4 is a top plan view showing the substrate 
holding system in FIG. 3. 

FIG. 5 is a top plan view showing another em- 
bodiment of a substrate holding system. 

FIG. 6 is a top plan view showing a further 
embodiment of a substrate holding system. 

FIG.7 is a vertical cross-sectional view showing 
another embodiment of a substrate holding system 
in accordance with the present invention. 

FIG. 8 is a view explaining the heat transfer 
characteristic in vacuum. 

FIG.9 is an explanatory view showing another 
embodiment of a substrate holding system in ac- 
cordance with the present invention. 

FIG. 10 is an explanatory view showing a sub- 
strate etching apparatus having a substrate holding 
system in accordance with the present invention. 

FIG. 11 is an enlarged view showing the outer 
peripheral portion of the substrate holding system. 

FIG. 12 is an explanatory view showing remov- 
ing accumulated charge during transporting a sub- 
strate. 

FIG. 13 is a vertical cross-sectional view show- 
ing another embodiment of a substrate holding 
system in accordance with the present invention. 

FIG. 14 is an explanatory view showing an em- 
bodiment of a method of manufacturing the coolant 
flow passage in the substrate holding system. 

FIG. 15 is an explanatory view of another em- 
bodiment of a substrate holding system. 

FIG. 16 is an explanatory view of the coolant 
flow passage of a holding member in Fig. 15. 

Detailed Description of the Preferred Embodiments 

As a first embodiment according to the present 
invention, FIG.1 shows an embodiment employing 
an electrostatic adhering circuit for fixing a sub- 
strate 1 to a holding member 2. In FIG.1, a micro- 
wave plasma etching apparatus is used for treating 
the substrate 1. A substrate holding system 9 
mounting the substrate 1 is placed in an etching 
chamber 10. The etching chamber 10 is exhausted 
with a vacuum pump 11, a gas for etching being 
supplied from a gas supply unit. The substrate 
holding system 9 is connected to a high frequency 
power source 12 and a direct current power source 
13. Microwave is introduced into the etching cham- 
ber 10 from a quartz glass window 15 through a 
wave guide tube 14. When the high frequency 
power source 12 is come into operation or the 
microwave is introduced, plasma 16 is produced in 
the etching chamber 10. At that time, an electro- 
static adhering circuit 17 is formed by the potential 
of the direct current power source 13 through the 
substrate holding system 9, the substrate 1, the 
plasma 16. In this state, the substrate 1 is fixed to 
the substrate holding system 9, that is, fixed by the 



electrostatic force produced in the substrate hold- 
ing system 9. 

FIG. 2 shows the cross-section of the substrate 
holding system 9 in FIG.1. A substrate 1 is moun- 

s ted on a protruded portions 3 and 20 of a holding 
member 2 for substrate, the protruded portion 3 of 
the holding member 2 being connected to an elec- 
trostatic adhering circuit 17, the substrate 1 being 
fixed to the holding member 2 at the protruded 

w portions 3 and 20. A flow passage for flowing a 
coolant 4 is provided in the holding member 2 to 
cool the substrate 1 . The coolant is supplied from a 
supplying unit 5 schematically illustrated and 
flowed out from an outlet portion 6 to control the 

75 temperature of the holding member 2. Further, a 
flow passage for a cooling gas 7 is provided in the 
center of the holding member 2 to supply and 
exhaust the cooling gas 7. The temperature control 
of the substrate 1 is attained by the cooling gas 7 

20 filled in the indented portion 8 of the holding mem- 
ber 2 preforming heat transfer between the holding 
member 2 and the substrate 1. The electrostatic 
adhering force is generated by a dielectric material 
18 attached or formed on the surface of the holding 

25 member 2. 

Aluminum oxide or mixture of aluminum oxide 
added titanium oxide may be used as the dielectric 
material 18. The voltage of several hundred volt is 
applied to the holding member as the direct current 

30 voltage for generating the electrostatic force. 
Therewith, the substrate is electrostatically fixed to 
the protruded portion 3 of the holding member 2 
shown in FIG. 2. The electric potential for electro- 
static adhering is applied from the direct current 

35 power source 13, the potential being uniform over 
the holding member 2, over the protruded portion 3 
and over the outer periphery of the substrate 1. 
Therefore, the potential difference produced over 
the surface of the substrate 1 is caused by the 

40 distribution of electrons or ions irradiated on the 
substrate 1, and is not so high that the potential 
difference may give a damage to the substrate 1. 
On the other hand, in a method where positive and 
negative electric poles are formed in the holding 

45 member 2 to adhere the substrate electrostatically 
with the electric poles, there is a possibility that a 
high voltage difference in the substrate 1 to give a 
damage to the substrate. 

Then the cooling gas 7 is supplied to the back 

so surface of the substrate 1 fixed such a manner. 
The cooling gas 7 is filled in the indented portion 8 
of the holding member 2, the pressure being within 
the range of several Torrs to several ten Torrs. 
When the gap of the indented portion 8 is 15nm to 

55 0.1 or 0.2mm, decrease of the cooling efficiency 
can be neglected. That is, the gap needs to be 
lager than 15um when the existence of particles or 
the roughness of surface is considered, and the 
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upper limit of the gap is 0.2mm when the thermal 
conductance of gas is considered. 

rt can be considered that the electrostatic ad- 
hering force is nearly zero over the indented por- 
tion 8 where there is the gap, and is generated 
only over the protruded portion 3. However, since it 
is possible to set the adhering force strong enough 
to endure the pressure of the cooling gas 7 by 
properly setting the voltage of the direct current 
power source 13, the substrate 1 is not moved or 
separated by the cooling gas 7. 

The temperature of the holding member 2 is 
controlled with cooling by the coolant 4. Therefore, 
the molecule of the cooling gas 7 cooled on the 
surface of the indented portion 3 of the holding 
member reaches the substrate 1 directly or after 
any number of collisions with other molecules of 
the cooling gas. The molecule of the cooling gas 
reached the substrate 1 receives energy from the 
substrate 1 , that is, cools the substrate 1 , returning 
again to the holding member. By repeating the 
cycle above, the substrate 1 is cooled. In the case 
where the pressure of the cooling gas 7 is suffi- 
ciently higher than the pressure having the mean 
free path corresponding to the gap at the indented 
portion 3, it becomes a dominant phenomenon that 
the gas molecules collide to and exchange energy 
with each other to carry the thermal energy in the 
substrate 1 to the cooling surface of the holding 
member 2 in addition to the above phenomenon of 
gas molecules. However, the thermal energy trans- 
port within the range of the present invention is 
heat conduction through the cooling gas 7 as a 
thermal medium. In other words, it is not the phe- 
nomenon where, for example, the cooling gas 7 is 
cooled with a cooling unit separately provided in 
advance and conveyed to the back surface of the 
substrate t to cool the substrate with the heat 
capacity of the gas. The gap of the intended por- 
tion 3 and the pressure of the cooling gas 7 satisfy- 
ing the above condition are chosen. 

The ratio of energy transport between the cool- 
ing gas 7 and the holding member 3 is expressed 
by a value called thermal adaptation factor. The 
thermal adaptation factor depends on the kind of 
cooling gas and the surface condition of member 
(state of contamination etc.). The same can be 
applied to the heat transfer between the substrate 1 
and the cooling gas 7. Helium is used as the 
cooling gas 7 because helium does not affect etch- 
ing characteristic when it leaks, and because the 
supplying or exhausting time for the cooling gas 7 
is shorter than the other gases. However, other 
gases such as nitrogen, argon, an etching gas may 
be used although the cooling efficiency is changed. 
The cooling gas is not specially limited to these. 

As described above, the substrate 1 is suffi- 
ciently cooled through the cooling gas. Further the 



substrate contacts to the holding member 2 only at 
the protruded portion 3. The portions having pos- 
sibility to be attached foreign substances produced 
by contacting the back surface of the substrate to 

5 other member are only the portions on the back 
surface of the substrate corresponding to the pro- 
truded portion 3. In a case where the substrate t 
has a larger area than the holding member 2 and a 
part of the surface of the holding member sticks 

w out of the substrate 1 shown in FIG. 2, plasma is 
irradiated on the sticking surface to etch and the 
etching reaction products from the substrate 1 are 
attached to the sticking surface. Thereby, the for- 
eign substances attaches to the top side surface of 

75 the substrate 1 through the sticking surface. 

This is the reason why the diameter of the 
holding member 2 is smaller than the diameter of 
the substrate 1. However, the effect of decreasing 
foreign substances on the back surface according 

20 to the present invention is not degraded even when 
the diameter of the holding member 2 is larger 
than the diameter of the substrate 1 . 

FIG. 3 shows an other embodiment according to 
the present invention. Although the embodiment in 

25 FIG. 3 is basically the same as that in FIG.2, the 
embodiment in FIG.3 has a pusher 19 for transfer- 
ring the substrate 1. The substrate 1 is transferred 
from the holding member 2 by moving the pusher 
19 upward and downward. The pusher 19 has to be 

30 moved upward and downward every treatment. 
That is, the pusher needs to be moved indepen- 
dently of the holding member 2. Therefore, there is 
a need to provide a gap between the holding 
member 2 and the pusher 19. The cooling gas 7 

35 leaks through the gap. The leakage amount of 
cooling gas 7 needs to be suppressed as low as 
possible. In order to realize this, an inner side 
protruded portion 20 having a surface nearly the 
same height or the same height as that of the 

40 protruded portion 3 is provided around the pusher 
19. Since the surface is flat and contacts to the 
substrate 1, the leakage amount of the cooling gas 
can be suppressed within an allowable amount. 
The reasons why the pusher is provided in the 

45 center of the protruded portion 20 are the following 
three. 

(1 ) To exhausting the excess gas, 

(2) To exhausting the foreign substances pro- 
duced at the pusher portion with the gas flow, 

so (3) To prevent an abnormal discharge. 

The occurrence of abnormal discharge de- 
pends on the kind of gases, the pressure of envi- 
ronment, the gap distance applying voltage and the 
voltage. In a case where the pusher is placed, for 

55 example, in a cooling gas environment, the gap 
distance applying voltage needs to be 0.16 to 0.2 
mm when the pressure of the cooling gas environ- 
ment is 8 to 10 Torrs (mHg) and the voltage for 
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electrostatic adhering is 450 to 700 V. However, 
forming such a gap is a difficult work. In the case 
of the embodiment according to the present inven- 
tion, the pressure of the environment containing the 
pusher 19 can be made extremely lower than the 
pressure easy to occur discharge and the abnormal 
discharge can be prevented from occurring even 
when the pressure of the environment containing 
the pusher 19 is higher than the pressure in the 
etching chamber of 3 to 5 mmTorrs by the pres- 
sure difference for increasing conductance, for ex- 
ample, 10 mmTorrs (1/10 2 mmHg) and the gap 
distance is approximately 1 mm. 

FIG. 4 is a view of the substrate holding system 
9 in FIG.3 removing the substrate 1 looking down 
from upper side. A feeding and exhausting hole 21 
for the cooling gas 7 is provided in the center of 
the holding member 2 and, the pushers 19 and the 
inner side protruded portions 20 are arranged ar- 
ound the feeding and exhausting hole. The inner 
side protruded portions 20 also serves as supports 
against the bending of the substrate 1 . 

Although the inner side protruded portion 20 is 
round-shaped in FIG. 4, the shape is not limited to 
round-shape. Fig. 5 shows an embodiment of a 
substrate holding system 9 being ring-shaped. 
There are provided in the ring-shaped protruded 
portions 22 a temperature sensor 23 for the sub- 
strate 1 , a substrate detecting sensor 24 for detect- 
ing existence of the substrate, an earth terminal 25 
for bringing the potential of the substrate 1 to earth 
potential in addition to the pusher 19. In order to 
perform speedy feeding and exhausting of the 
cooling gas 7 to the indented portion 8, parts of the 
ring-shaped protruded portion 22 are cut to make 
the cooling gas 7 pass through the parts easily. 

In an apparatus using plasma, employing a 
fluorescent thermometer as the temperature sensor 
23 eliminates the problem of noise. An example of 
the substrate detecting sensor 24 is an optical fiber 
through which laser beam is introduced to irradiate 
the back surface of the substrate 1. Existence of 
the substrate 1 is detected by existence of re- 
flected light. Since the output of the temperature 
sensor 23 changes depending on existence of the 
substrate 1, the change can be used in detecting 
existence of the substrate 1 . 

The earth terminal is used before pushing up 
the substrate 1 electrostatically fixed by using the 
pusher 19. While remaining adhering force is ex- 
isted in the substrate 1 electrostatically fixed, the 
pusher 19 cannot be used. Therefore, in order to 
shorten the waiting time, there are some cases 
where the substrate 1 is required to be grounded. 
By moving the earth terminal 25 upward and down- 
ward to be contacted to the substrate 1 , potential of 
the substrate 1 is grounded. Although the earth 
terminal 25 is made of an electric conductive ma- 



terial, it is effective to employ silicon carbide hav- 
ing a much larger resistivity than general metals to 
avoid an abnormal discharge during plasma treat- 
ment. Further, it is possible that the function is 
5 given to the pusher 19 such as to also serve as the 
function. 

Although various kinds of the sensors are ar- 
ranged on a single holding member in FIG.5, the 
sensors can be used separately without degrading 

70 the object of the present invention. 

By employing the substrate holding system 9 
according to the present invention, the amount of 
foreign substances attaching to the back surface of 
the substrate 1 is decreased. Further, by using the 

75 substrate 1 treated with the substrate holding sys- 
tem, it can be prevented to attach the foreign 
substances on the back surface to the top surface 
of another adjacent substrate, to contaminate the 
substrate by foreign substances melted or de- 

20 tached from the back surface. Susceptor 68 serv- 
ing as a cover of a head portion 61 to protect the 
head portion 61 to be etched and to insulate the 
side surface of the head portion from the surround- 
ing electrical space. 

25 FIG.6 shows a further embodiment of a sub- 

strate holding system 9 according to the present 
invention. The holding member 2 has island- 
shaped protruded portions 22A, 22B arraying con- 
centrically. In this embodiment, a substrate is sup- 

30 ported with concentrically three portions, the pro- 
truded portion 3 in the peripheral portion, the is- 
land-shaped protruded portions 22A and 22B. This 
configuration is especially effective when the diam- 
eter of the substrate 1 is large. 

35 FIG. 7 shows another embodiment according to 

the present invention. FIG. 7 is a cross-sectional 
view of a substrate holding system 9. An insulating 
film for electrostatic adhering is coated on the top 
surface of a head portion 61, a weir 62a for con- 

40 tacting and fixing a substrate 1 being provided on 
the periphery of the substrate, a weir 62b and a 
weir 62c being provided on the inner side of the 
weir 62a, a hole 66 penetrating to the back surface 
of a mounting table being provided in the center of 

45 the weir 62c. A space 64 for containing coolant is 
provided inside the head portion 61, a passage 
capable of feeding and exhausting the coolant be- 
ing provided. A shaft 63 secured to the head por- 
tion 61 is provided near the center of the substrate 

so holding system 9, a guiding passage for introduc- 
ing cooling gas being provided inside the shaft. A 
pusher mechanism 65 for transporting a substrate 
is provided in engaging with the hole 66 described 
above. A cover 67 is placed in the outer peripheral 

55 portion of the penetrating hole 66 on the back of 
the mounting table. 

In a case where a substrate 1 (wafer) is treated 
in the embodiment in FIG.7, the substrate 1 is 
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introduced into a treating chamber using loading 
means (not shown) under a vacuum condition, the 
substrate 1 being mounted on a mounting table 9 
controlled its temperature in advance with a cool- 
ant, current being supplied to an electromagnetic 
coil 4 to form a given magnetic field, a treating gas 
being introduced, current being supplied to a mag- 
netron to generate microwave, the gas being 
turned into a plasma in the treating chamber by 
ECR (electron cyclotron resonance), a DC circuit 
being formed by the plasma to produce an electro- 
static adhering force. Then a cooling gas is filled 
between the substrate 1 and the mounting table 9. 
The cooling gas rapidly diffuses inside the gap 
except contact portions attracted, transferring the 
heat entering from the plasma into the substrate 1 
(wafer) to a head portion to transfer the heat to the 
coolant. In order to extend the cooling effect up to 
the vicinity of the outer periphery of substrate, the 
cooling gas is leaked to the treating chamber 
through the outer periphery of substrate. At the 
same time, the cooling gas is exhausted to the 
back of the mounting table as an excess gas 
through a penetrating hole 66 having a dimensional 
relationship such as to leak the cooling gas ac- 
tively. Since the gas between the substrate and the 
mounting table needs to be kept in above a given 
pressure, gas is always supplied by the amount 
corresponding to the leaked amount. 

According to the embodiment, it is possible to 
provide a plasma treating apparatus in which the 
amount of foreign substances transferred to the 
back surface of a substrate is decreased by de- 
creasing the contact area with keeping the cooling 
gas pressure required for cooling, and which hav- 
ing a good repeatability as a production apparatus, 
being capable of treating with plasma under con- 
dition of controlling the substrate temperature, and 
having excellent productivity. 

Further, it is possible to provide a plasma treat- 
ing apparatus in which the foreign substances pro- 
duced in the pusher portion are transported to the 
opposite side of the substrate by exhausting the 
excess cooling gas to the back of the mounting 
table (opposite side of the substrate) to decrease 
the amount of foreign substances attaching to the 
substrate, concurrently the gas being exhausted 
inside a cover provided on the back of the mount- 
ing table in the treating chamber to keep the pres- 
sure inside the cover higher than the pressure in 
the treating chamber and to prevent the reaction 
products from attaching to the mechanisms of the 
mounting table, and of which the characteristic is 
small time-varying. 

Helium is generally used as the cooling gas 
here. Although in the present invention the cooling 
gas leaks into the treating chamber by several ccm 
(cubic centimeter per minute) to 10 ccm, it has 



been confirmed by an experiment that the leakage 
amount does not affect the process since the 
amount is 1/100 to 1 /several tenth of the supplied 
amount of process gas. 

5 Although the present invention has been de- 

scribed in each of the above embodiments with 
taking substrate cooling into consideration, it is 
understood that there is no substantial difference in 
a case of heating a substrate since the only dif- 

w ference is that the temperature of the holding 
member is kept higher than the temperature of the 
substrate. 

According to the present invention, a substrate 
can be certainly cooled and at the same time the 

75 amount of foreign substances attached to the back 
surface of the substrate can be decreased. Further, 
the amount of foreign substances attached to the 
top surface of the substrate can be also decreased 
since the substrate is fixed with electrostatic adhe- 

20 sion and there is no need to use any substrate 
fixing hardware such as to contact to the substrate 
on the top surface of the substrate. Furthermore, 
substrate treatment on the top surface of a sub- 
strate can be performed throughout the surface of 

25 the substrate since there is no obstacle such as 
substrate fixing hardware. Therewith, the yield of 
production in substrate treatment can be improved 
by decreasing the amount of the foreign sub- 
stances on the back surface. The yield of produc- 

30 tion can be further improved and the number of 
device chips obtained from a single substrate can 
be also increased by decreasing the amount of 
foreign substances attached to the top surface of 
the substrate. 

35 The damage of substrate due to conventional 

electrostatic adhering electrode is not caused in 
the present invention, which improves the yield of 
production. 

Another embodiment of the present invention 
40 will be described in detail blow, referring to the 
drawings. 

FIG. 9 shows another embodiment in accor- 
dance with the present invention. In FIG. 9, a sub- 
strate 1 is held on a dielectric material 18 formed 

45 on a holding member 2. Under the holding member 
2, an insulating member 40 and a base 41 are 
placed and supported with a shaft 63. In the hold- 
ing member 2, a coolant flow passage 42 for con- 
ducting a coolant to control the temperature of the 

so substrate 1 is formed. In order to supply the cool- 
ant to the coolant flow passage 42, a through hole 
penetrating through the base 41 and the insulating 
member 40 is provided and a coolant supply por- 
tion 43 is also provided. A pusher 19 is inserted in 

55 a through hole penetrating through the holding 
member 2, the insulating member 40 and the base 
41, the side surface of the through hole being 
formed of an insulating pipe 44. The pusher 19 is 
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guided with a guide 45 provided around the shaft 
63, being moved in the direction of the shaft of the 
shaft 63 with an upward and downward drive 
mechanism, which is not shown in the figure, to 
transport the substrate 1. A high frequency sup- 
plying shaft 47 is installed inside the shaft 63 
through an insulating material 46, the high fre- 
quency supplying shaft 47 being pipe-shaped, the 
inside of the high frequency shaft forms a substrate 
cooling gas feeding hole 21 . The insulating material 
46 penetrates from the base 41 to the insulating 
member 40. The high frequency supplying shaft 47 
penetrates from the insulating member 40 to the 
holding member 2, one end (lower side in FIG.9) of 
the high frequency supplying shaft 47 being con- 
nected to a high voltage power source, which are 
not shown in the figure, for applying a high voltage 
to hold the substrate 1 to the dielectric material 18 
by electrostatic adhesion and to a power source for 
applying a high frequency bias to the substrate 1. 
A substrate detecting sensor 24 for detecting the 
presence or absence of substrate by detecting the 
temperature of the substrate is installed in FIG.9. In 
this position, a substrate detector by detecting 
cooling gas pressure instead of detecting the sub- 
strate temperature may be also placed. In this 
case, the pressure sensor is placed at the top end 
of the pin in the substrate detecting sensor 24, an 
output signal wire from the pressure sensor being 
extracted through the inside of the pin to be con- 
nected to a signal processor. Since the pressure in 
the space around the top end of the pin in the 
substrate detecting sensor 24 is high when a sub- 
strate is present and is low when a substrate is 
absent, the signal processor detects the presence 
or absence of substrate by judging whether or not 
the pressure signal from the pressure sensor ex- 
ceeds a value corresponding to a preset pressure. 
A susceptor 36 serving as a cover for the dielectric 
material 18 and the holding member 2 is placed in 
the outer peripheral portion of the substrate 1 to 
uniform the gas flow for substrate etching. The 
inner peripheral surface of the susceptor 36 is 
perpendicular to the back surface of the substrate 
1. The susceptor 36 is formed of an electrically 
insulating material such as alumina, covering the 
outer surrounding of the holding member 2, the 
insulating member 40 and the base 41 . 

The substrate holding system shown in FIG.9 
is used in, for example, a plasma environment as 
shown in FIG. 10. FIG. 11 is an enlarged cross- 
sectional view of the peripheral portion of the sub- 
strate 1. Although FIG. 10 is a schematic view of a 
micro-wave plasma etching apparatus, explanation 
will be made below on a case where the substrate 
holding system according to the present invention 
is applied to an etching apparatus. 
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The vacuum chamber 27 is connected to an- 
ther vacuum chamber to load and unload the sub- 
strate 1 from and into the atmospheric environment 
through a valve. The substrate 1 loaded into the 

5 vacuum chamber 27 through the substrate loading 
mechanism is transported at a transporting level 
indicated by a two-dot chain line in FIG. 10. There- 
fore, the substrate holding system 9 is lowered to 
the transporting level. The substrate 1 is trans- 

w ported to and mounted on the dielectric material 
surface 18 by means of moving the pusher 19 
upward and downward at this level. The coolant to 
control the temperature of the substrate 1 is intro- 
duced into the coolant flow passage 42 from the 

75 coolant supply portion 43 through a coolant tem- 
perature controller separately provided and is recir- 
culated in the coolant flow passage to control the 
temperature of the holding member 2 and the 
dielectric material 18 at a given temperature. When 

20 the substrate 1 is mounted on the substrate holding 
system 9, the laser beam introduced from the 
substrate detecting sensor 24 is reflected on the 
back surface of the substrate, the reflected light 
being detected as a signal, mounting of the sub- 

25 strate 1 being confirmed. The temperature of the 
substrate is started to be detected using a sub- 
strate temperature detector (fluorescent thermom- 
eter), which is not shown in FIG.9, installed in the 
same manner as the substrate detecting sensor 24. 

30 When the etching gas is supplied and the micro- 
wave is introduced, discharging is started. In this 
state, direct current for electrostatic adhesion is 
supplied from the direct current power source 13, 
an electric circuit for electrostatic adhesion being 

35 formed through the plasma 16, the substrate t 
being attracted to the dielectric material 18. Then, 
when helium gas is supplied from the gas feeding 
hole 21, substrate temperature control through the 
helium gas is carried out. With this state, since the 

40 preparation for etching is completed, etching is 
started by setting the micro-wave at a given value 
and applying the high frequency voltage. After 
completion of the etching treatment, the high fre- 
quency voltage is stopped to supply. At this time, 

45 the plasma still remains. That is, the substrate is 
still kept to be attracted electrostatically. The etch- 
ing gas is stopped to be supplied, non-etching gas 
such as argon gas instead of the etching gas being 
introduced depending on case-by-case to remove 

so the charge accumulated during electrostatic adher- 
ing. In the meanwhile, the helium gas is stopped to 
be supplied, the force to lift up the substrate 1 from 
the back surface of the substrate 1 being no ap- 
plied. After completion of discharging, the argon 

55 gas is stopped to be supplied, the direct current for 
electrostatic adhesion being stopped to be applied. 
After exhausting the etching gas and the gas for 
discharge and becoming a high vacuum state, 
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downward movement of the substrate holding sys- 
tem 9 and the process for unloading the substrate 
1 are started. The unloading process is preformed 
in the inverse process of the loading process. A 
new substrate is loaded for the next etching. Then 
etching is carried out in the same manner as 
above. 

Although the reaction products (gas) produced 
with etching gas and etching on the surface of the 
substrate is distributed in an approximately uniform 
density over the surface of the substrate 1, the 
etching characteristic in the peripheral portion may 
be different from that in the central portion since in 
the outer peripheral portion of the substrate the 
portion to produce the reaction products does not 
exist outside the substrate and the flow boundary 
of gas flow abruptly changes. Therefore, in the 
present invention, the susceptor 36 is placed ap- 
proximately in the same level as the substrate 1 to 
prevent the gas flow from abrupt change. The flow 
of the etching gas and the reaction produces is 
directed slightly upward due to existence of the 
surface of the susceptor 36, a stagnant effect of the 
etching gas and the reaction products takes place 
and causes a phenomena as if there is an etching 
reaction portion in the outer peripheral portion of 
the substrate. Therefore, etching is uniformly per- 
formed in the peripheral portion of the substrate. 

In addition to the above, there is an effect that 
since the periphery of the substrate 1 is in a state 
of being contained in the susceptor 36 and the side 
wall 36 A of the susceptor 36 restricts the substrate 
1 to shift largely, it is possible to avoid the situation 
where the substrate cannot be transported and the 
vacuum of the etching chamber has to be broken 
even when the electrostatic adhering force is disap- 
peared with some abnormal state and the substrate 
1 is moved by the pressure of the helium gas 
supplied to the back surface of the substrate 1 . At 
this time, the substrate 1 does not ride on the 
horizontal surface of the susceptor 36 even when 
the substrate 1 slides because the inner surface 
36A of the susceptor 36 facing to the outer periph- 
eral surface of the substrate 1 is nearly vertical. 
This case is different from a case where the sur- 
face of the susceptor 36 is taper-shaped. 

Description will be made below on the gap 
between the back surface of the substrate 1 and 
the susceptor 16. 

In the substrate etching surface side, the plas- 
ma 16 is generated and the etching gas and the 
reaction products are flowing. Therefore, when the 
gap between the back surface of the substrate 1 
and the susceptor 16, the etching gas and the 
reaction products enter into the gap and are accu- 
mulated in the back surface of the substrate. They 
form foreign substances. This is not preferable 
because the product yield of etching process de- 



creases. On the other hand, when the gap between 
them is decreased as small as possible, the etch- 
ing gas and the reaction products are decreased to 
enter the gap and the foreign substances accu- 

5 mutated in the back surface of the substrate can be 
deceased. According to the result of anther experi- 
ment, the effect described above has been effec- 
tive when the gap is less than 0.3 mm. 

The etching treatment is performed with apply- 

w ing the high frequency voltage to the substrate 1. 
At this time, there are some cases where an ab- 
normal discharge takes place between the holding 
member 2 directly applied with the high frequency 
voltage and the base 41. When the abnormal dis- 

75 charge occurs, the high frequency voltage is not 
correctly applied to the substrate t, the etching 
itself becomes abnormal. This is not limited to 
etching but can be said generally in the type of 
substrate treating apparatus in which plasma is 

20 generated using a high frequency voltage. In order 
to prevent these phenomena, in the substrate hold- 
ing system according to the present invention, the 
base 41 being in a different electric potential from 
the high frequency voltage applied portion is spe- 

25 cially isolated by inserting the insulating pipe 44. 
Thereby, the abnormal discharge can be prevent- 
ed. 

Description will be made on transportation of 
the substrate 1. Charge is accumulated on the 

30 substrate 1 while it is electrostatically adhering. 
The charge has capability of adhering the substrate 
1 to the dielectric material 18, the substrate 1 is 
electrostatically attracted to the dielectric thin film 
even when the direct current power source 13 for 

35 electrostatic adhesion is switched off. Therefore, 
transportation of the substrate 1 has to be waiting 
until the accumulated charge is disappearing. 
There is an additional problem to judge whether 
the accumulated charge is present or absent. In 

40 order to solve this problem, the pusher 19 is made 
of a material having small conductivity such as 
silicon carbonate as shown in FIG. 12. By doing so, 
the accumulated charge flows to a grounded line 
through the pusher 19 to disappear. Thereby, a 

45 trouble on transporting the substrate can be avoid- 
ed and a reliable substrate transportation can be 
realized. The grounded circuit connected to the 
pusher 19 may be disconnected during generating 
the plasma. It is preferable to employ this manner 

so when the grounded line and the high frequency 
applied portion are placed near each other and the 
abnormal discharge takes place. 

Although the substrate 1 is transported with 
upward/downward movement of the pusher 19, an 

55 abnormal state occurs if the substrate is vibrated 
during transporting. Therefore, the pusher 19 has 
to move smoothly. In order to guide the pusher 
with certainty, in the present invention, the guide 
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45 is provided on the shaft 63. By doing this, the 
length of the pusher 19 does not become exces- 
sively long and high reliable transportation can be 
realized. 

As described above, the elements of a high 
reliable substrate holding system have been clari- 
fied. Description will be made below on the solution 
of the problem in a case where the substrate 
transporting level is different from the level of sub- 
strate treating position (the substrate position cor- 
responding to the position illustrated in FIG. 10). 

FIG. 13 shows the comprehensive construction 
of a substrate holding system. The upper portion of 
the system is nearly the same as in FIG. 9. The 
different portion from FIG. 9 is that the outer side 
surface of the holding member 2 applied with the 
high frequency voltage is covered with an insulat- 
ing member 40. By doing so, the distance between 
the high frequency voltage applied portion and the 
grounded portion becomes long and the preventive 
effect against the abnormal discharge can be im- 
proved. 

In order to travel upward and downward be- 
tween the substrate transporting position and the 
substrate etching position, a bellows 50 is provided 
between the shaft 63 of the substrate holding sys- 
tem and the flange 49 in the present invention. The 
bellows 50 also serves as a vacuum seal between 
the atmosphere and the etching chamber and is 
extended with a guide for the shaft 63 and upward 
and down ward drive mechanism installed in the 
atmospheric environment which are not shown in 
FIG. 13. In the present invention, the bellows is 
placed between the shaft 63 and the flange 49 to 
minimize the diameter of the bellows 50. When the 
diameter of the bellows 50 is small, the force 
loaded on the substrate transporting mechanism is 
also small and consequently it is easily attained to 
make the upward and downward drive mechanism 
simple and highly accurate. It is needless to say 
that the foreign substances produced by abrasion 
in sliding portion are eliminated and the reliability 
against vacuum seal is improved comparing to a 
case of employing sliding portion using an 
elastomer seal. 

Although by employing such a construction the 
substrate holding system is moved upward and 
downward, exposure of the bellows 50, the shaft 
63, the pusher 19 to the plasma is not preferable in 
the point of problem of foreign substances formed 
by attached etching products or in point of plasma 
resistivity of the materials. Therefore, in the present 
invention, cylindrical covers 67A and 67B crossing 
with each other are provided in the base 41 and in 
the flange 49. The covers 67A, 67B cross with 
each other and have such dimensions that the 
crossing is kept even when the substrate holding 
system moves upward and downward. The both 



covers 67A and 67B are kept in the grounded 
electric potential, the members inside the covers 
are always isolated from the plasma to be pro- 
tected from contamination. 

s As described in the above embodiment, ac- 

cording to the present invention, a substrate hold- 
ing system and a method of holding a substrate 
having less foreign substances and performing uni- 
form etching can be attained. 

w It is understood that the present invention is 

not limited to the etching apparatus but widely 
applicable to the substrate treating apparatus and 
treating method requiring to hold substrate (treated 
object) with electrostatic adhesion. 

15 In looking at FIG.9 or FIG. 13 from the point to 

manufacture the above substrate holding system, it 
is difficult to manufacture the holding member 2 
since it has the coolant flow passage. As a matter 
of course, it is possible to obtain a member having 

20 the same effect by means of manufacturing the 
holding member 2 by dividing into two parts 
through machining as shown in FIG.9, jointing each 
other, sealing the coolant using an elastomer seal. 
However, in this method, there arise such problems 

25 of trouble, complexity, decrease in reliability that 
extra jointing portions or extra volume is required 
since sealing surface 55 is required, a seal is 
required in each hole of the parts when a through 
hole (for example, the hole inserted with the in- 

30 sulating pipe 44 in FIG.9) is provided in the holding 
member 2 as shown in FIG.9- 

Therefore, the present invention employs a 
manufacturing method where the holding member 
2 is formed in a one-piece structure. 

35 In the present invention, lost wax technique is 

employed as a method to solve this problem. 
FIG. 14 shows this embodiment. First, a member 
having the same shape as the coolant flow passage 
42 is fabricated using wax. Next, a mold having the 

40 same shape as the outer shape of the holding 
member 2 is prepared, the flow passage mold 
made of wax being placed inside the mold, and 
then casting is performed. After removing the wax, 
the holding member 2 is completed. 

45 FIG. 15 and Fig. 16 show anther embodiment 

according to the present invention. In this embodi- 
ment, a metallic member 52 machined the coolant 
flow passage 42 in advance and a holding member 
53 are coupled with each other through a jointing 

so material 54. When the holding member is made of 
aluminum or an aluminum alloy, an aluminum alloy 
having a low melting temperature (for example, a 
silicon contained aluminum alloy) is used for the 
jointing material 54. Then the members 52, 53 are 

55 heated up to approximately 600 *C in a vacuum 
environment with pressing, the jointing material 54 
having a low melting temperature being melted and 
reacting with the metallic members 52 and 53 to be 
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jointed to each other. Since the sealing surface 55 
shown in FIG. 16 can be certainly jointed by em- 
ploying the diffusion welding method, the through 
hole 66 can be made without any special consider- 
ation. Since in the welding process many sets of 5 
members, not limited one set, can be welded at a 
time, there is no problem in cost performance by 
means of manufacturing a lot of the metallic mem- 
bers 52, 53 in advance and welding them at a time. 

As described above, according to the present w 
invention, since substrate holding by electrostatic 
adhesion can be certainly preformed without using 
member such as a weight on the substrate surface 
for preventing slide at substrate transporting or for 
preventing lift-up due to gas pressure on the back 75 
surface of the substrate, there is an effect that 
production of the foreign substances during sub- 
strate etching can be decreased and the production 
yield of the substrate can be expected to be im- 
proved. Further, since the operable period between 20 
cleaning services of the substrate etching appara- 
tus for removing the foreign substances is length- 
ened, there is an effect that the operability of the 
apparatus can be expected to be improved. Fur- 
thermore, since the surface of the outer peripheral 25 
portion of the substrate is nearly at the same level 
as the surface of the substrate in order to make the 
gas flow in the surface of the substrate uniform, 
there is an effect that the substrate etching can be 
performed in excellently uniform over the surface. 30 
Still further, since no elastomer seal is required for 
coolant sealing in forming the substrate holding 
system, there is an effect that the substrate holding 
system can be easily manufactured. 

35 

Claims 

1. A substrate holding system holding a treated 
substrate on a specimen table, cooling said 
treated substrate with the coolant gas between aq 
the specimen table and said treated substrate 
during treatment, which comprises: 

a ring-shaped leakage-proof surface hav- 
ing smooth surface in the position correspond- 
ing to the periphery of said substrate; 45 

a plurality of contact holding portions 
against said substrate on the specimen table 
between the corresponding position to the pe- 
riphery of said substrate and the correspond- 
ing position to the center of said substrate; and 50 

electrostatic ttraction means for fixing said 
substrate by contacting the back surface of 
said substrate to the ring-shaped leakage-proof 
surface and the contact holding portions. 

55 

2. A substrate holding system according to claim 
1, wherein: 

the contact holding portions have through 



holes, pins for pushing up the substrate being 
placed in said holes. 

3. A substrate holding system according to claim 
1, wherein: 

the contact holding portions on the speci- 
men table are placed concentrically to the cen- 
ter of the specimen table in spaced relation- 
ship with each other. 

4. A substrate holding system according to claim 
1 , wherein: 

the contact holding portions on the speci- 
men table are composed of a plurality of is- 
land-shaped protruded portions, said island- 
shaped protruded portions being placed con- 
centrically to the center of said specimen table 
in double-array in spaced relationship with 
each other. 

5. A substrate holding system in a plasma treat- 
ment apparatus having a vacuum treating 
chamber, gas introducing means and a speci- 
men table mounting a substrate in the vacuum 
treating chamber where the substrate is held to 
the specimen table with electrostatic adhesion 
force and the temperature of the substrate is 
controlled by introducing a cooling gas be- 
tween the substrate and the specimen table, 
said specimen table comprises: 

a ring-shaped protruded portion having 
smooth surface in the position corresponding 
to the periphery of the substrate; 

a plurality of contact holding portions 
against said substrate on the specimen table 
between the corresponding position to the pe- 
riphery of said substrate and the correspond- 
ing position to the center of said substrate; and 
said substrate holding system further com- 
prises: 

electrostatic ttraction means for fixing said 
substrate by contacting the back surface of 
said substrate to the ring-shaped protruded 
portion and the contact holding portions. 

6. The substrate holding system according to 
claim 1 , wherein: 

the height of the ring-shaped leakage-proof 
surface and the contact holding portions is 
15um - 200um. 

7. The substrate holding system according to 
claim 1 , wherein: 

the contact area of the ring-shaped leak- 
age-proof surface and the contact holding por- 
tions to the substrate is less than one half of 
the area of the substrate. 
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8. A substrate holding system according to claim 
1, which is constructed such that the excess 
portion of the cooling gas flowing through the 
holes penetrating the contact holding portions 
flows toward the specimen table opposite to 
the substrate to carry foreign substances pro- 
duced in the holes. 

9. A substrate holding system according to claim 
t, which comprises a cover on the specimen 
table in the opposite side of the substrate, the 
pressure inside said cover being kept higher 
than that in the treatment chamber during 
treating by means of introducing the excess 
gas of the cooling gas inside the cover to 
prevent the products of reaction in the treating 
chamber from entering into the inside of the 
cover. 

10. A substrate holding system according to claim 
8, which comprises a region on said holding 
member contacting to the back surface of said 
substrate around a transfer member of said 
substrate provided in the inner side of the gas 
leakage-proof surface in said holding member 
to prevent the gas for coolant from massively 
leaking through the installation portion of the 
transfer member. 

11. A substrate holding system according to claim 
8, wherein the gas leakage-proof surface pro- 
vided around said transfer member is an ad- 
hering surface utilizing electrostatic force. 

12. A substrate holding system according to claim 
8, which comprises a region on said holding 
member contacting to the back surface of said 
substrate around said temperature measure- 
ment member to prevent the gas for coolant 
from leaking through the installation portion of 
said temperature measurement member. 

13. A substrate holding system in a plasma treat- 
ment apparatus having a vacuum treating 
chamber, gas introducing means and means 
for mounting a substrate in the vacuum treat- 
ing chamber where the mounting table for 
mounting the substrate holds said substrate 
with electrostatic adhesion force and the tem- 
perature of said substrate is controlled by in- 
troducing a cooling gas between said substrate 
and the mounting table, wherein: 

the contact area of said substrate and the 
mounting table by electrostatic adherence is 
less than one half of the area of said substrate, 
the mounting table having a nearly one-round 
contact portion between the periphery of said 
substrate and the center of said substrate oth- 



er than the contact portion of the periphery of 
said substrate, said mounting table except its 
contact portions having a gap to the substrate 
to accelerate the diffusion of the cooling gas 
5 when introduced, a passage allowing the cool- 

ing gas to flow out to the back of the mounting 
table other than the leakage through the pe- 
ripheral portion of said substrate. 

w 14. A substrate holding system according to claim 
13, wherein a hole allowing the cooling gas to 
flow out to the back of the mounting table is 
provided on a cover having a conductance 
against the vacuum treating chamber. 

15 

15. A method of holding a substrate where a hold- 
ing member having a temperature measuring 
member has a control function for the tem- 
perature of a substrate, the substrate being 

20 mounted on and fixed to said holding member 

having temperature control function, then a gas 
being supplied between said holding member 
and the back surface of said substrate from a 
gas supplying portion provided on the holding 

25 member to cool said substrate using said gas 

as a coolant, which comprises: 

contacting the peripheral portion of said 
substrate to a ring-shaped gas leakage-proof 
surface provided on the periphery of said hold- 

30 ing member, adhering the peripheral portion of 

said substrate to said gas leakage-proof sur- 
face by electrostatic force to prevent the gas 
supplied to the back of said substrate from 
leakage. 

35 

16. A method of holding a substrate according to 
claim 15, wherein the substrate is held by a 
plurality of substrate supporting portions pro- 
vided on the holding member in the inner side 

40 of the gas leakage-proof surface to prevent 

said substrate from deformation. 

17. A method of holding a substrate according to 
claim 15, wherein the gas leakage-proof sur- 

45 face is provided around the temperature mea- 

surement member, said gas leakage-proof sur- 
face serving as an adhering surface utilizing 
electrostatic force. 

so 18. A method of holding a substrate according to 
claim 15, wherein the substrate holding mem- 
ber also serves as a temperature measurement 
member. 

55 19. A substrate holding system for holding a sub- 
strate in a substrate etching apparatus, wherein 
said substrate holding system holds said sub- 
strate by using electrostatic force, a susceptor 
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made of an electrical insulating member hav- 
ing a top surface approximately in the same 
level as the treated surface of said substrate 
and having a inner side surface in outer posi- 
tioned relationship with the surface of said 
substrate being constructed in the periphery of 
said substrate, the inner side surface of said 
susceptor facing to the periphery of said sub- 
strate being in nearly parallel relationship with 
the normal direction of the treated surface of 
said substrate. 

20. A substrate holding system according to claim 
19, wherein a dielectric thin film made of a 
brittle material for holding said substrate with 
electrostatic force is formed on one surface of 
a holding member having a flow passage for 
circulating a coolant to control the temperature 
of said substrate, an electrically insulating ma- 
terial member being placed on and contacted 
to the other surface of said holding member, 
an electrically high conductive material mem- 
ber grounded to a standard electric potential 
being placed on the other surface of said hold- 
ing member, three kinds of said members be- 
ing overlaid and fixed to each other in order of 
the holding member having the dielectric thin 
film, the electrically insulating material member 
and the standard electrical potential member, a 
flow passage penetrating from said standard 
electric potential member to the coolant flow 
passage in said holding member for supplying 
and discharging coolant having the side sur- 
face formed of a electrically insulating member 
being provided, tubes having the side surface 
made of electrically insulating material forming 
at least three through holes penetrating said 
three kind of members into which movable 
members linked to a substrate transporting 
mechanism are inserted, a pipe-shaped mem- 
ber made of an electrically high conductive 
material being attached to said standard elec- 
trical potential member to support said three 
kinds of members, a small diameter pipe- 
shaped member made of an electrically high 
conductive material being inserted into the in- 
side of said pipe-shaped member through an 
electrically insulating material, said small diam- 
eter pipe-shaped member being connected to 
said holding member penetrating through said 
standard electric potential member and said 
electrically insulating material member, an 
electric potential for generating an electrostatic 
force to hold said substrate and an high fre- 
quency voltage required for etching said sub- 
strate being applied through said small diam- 
eter pipe-shaped member, a tube having the 
side surface made of an electrically insulating 



material forming a through hole being provided 
in said holding member and said dielectric thin 
film in such a feature that gas can be supplied 
from the inside hole of said small diameter 
s pipe-shaped member to the gap between the 

back surface of said substrate and the surface 
of said dielectric thin film. 

21. A substrate holding system according to claim 
io 20, wherein the movable member linked to 

said substrate transporting mechanism is made 
of an electrically conductive material. 

22. A substrate holding system according to any 
75 one of claim 20 to claim 21, wherein said 

dielectric thin film and said holding member 
are covered with a member made of an elec- 
trically insulating material in such a feature that 
said dielectric thin film and said holding mem- 
20 ber are not seen in the peripheral portion of 

said substrate when said substrate is held on 
the surface of said dielectric thin film. 

23. A substrate holding system according to any 
25 one of claim 20 to claim 22, wherein the sur- 
rounding of said holding member is covered 
with an electrically insulating material, the fur- 
ther outer surrounding being covered with an 
electrically high conductive member electrical- 

30 ly connected to said standard electric potential 

member, the furthermore outer surrounding be- 
ing covered with an electrically insulating ma- 
terial cover member. 

35 24. A substrate holding system according to any 
one of claim 20 to claim 23, wherein a guide 
for moving the movable member inserted into 
the through hole for transporting said substrate 
is provided outside said pipe-shaped member. 

40 

25. A substrate holding system according to any 
one of claim 19 to claim 24, wherein the sub- 
strate holding system is fixed to a flange in the 
substrate etching apparatus by using an exten- 

45 dable sealing member provided between said 

pipe-shaped member and said flange, the 
movement of said substrate holding system to 
place the substrate in a position suitable for 
treating said substrate being preformed by 

so means of extending said sealing member. 

26. A substrate holding system according to any 
one of claim 19 to claim 25, wherein a nearly 
cylinder-shaped cover is provided in the outer 

55 portion of said standard electric potential mem- 

ber, a nearly cylinder-shaped member having 
a different diameter from said cover being 
fixed to said flange, the inside of said cylinder- 
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shaped member being covered with overlap of 
said cylinder-shaped member when said sub- 
strate holding system moves up and down. 

27. A substrate holding system according to any 
one of claim 19 to claim 26, wherein a tube 
having the side surface made of an electrically 
insulating material is provided to form a 
through hole in said three kinds of member, a 
detector for measuring the temperature of a 
substrate held on said dielectric thin film being 
placed in said through hole. 



said holding member. 

35. A substrate holding system according to any 
one of claim 19 to claim 27, wherein the gap 
5 between the cover member covering said elec- 

tric thin film and said holding member and the 
portion facing to the back surface of the pe- 
riphery of said substrate is less than 0.3 mm. 



28. A substrate holding system according to any 

one of claim 19 to claim 27, wherein a tube 75 
having the side surface made of an electrically 
insulating material is provided to form a 
through hole in said three kinds of member, a 
detector for detecting the presence or absence 
of a substrate held on said dielectric thin film 20 
being placed in said through hole. 

29. A substrate holding system according to claim 
28, wherein said detector for detecting the 
presence or absence of a substrate is an op- 25 
tical fiber, the detection of the presence or 
absence of a substrate being judged by wheth- 
er the light introduced through the fiber is 
reflected by the back surface of said substrate. 

30 

30. A substrate holding system according to claim 
28, wherein the detection of the presence or 
absence of said substrate is performed using 
the signal from a detector for detecting the 
temperature of the substrate. 35 

31. A substrate holding system according to claim 
28, wherein the detection of the presence or 
absence of said substrate is performed using 

the signal from a detector for detecting the gas 40 
pressure for cooling the substrate. 

32. A substrate holding system according to any 
one of claim 19 to claim 27, wherein diffusion 
welding is used to form the coolant flow pas- 45 
sage for control the temperature of said sub- 
strate in said holding member. 



33. A substrate holding system according to any 

one of claim 19 to claim 27, wherein soldering 50 
is used to form the coolant flow passage for 
control the temperature of said substrate in 
said holding member. 



34. A substrate holding system according to any 55 
one of claim 19 to claim 27, wherein casting is 
used to form the coolant flow passage for 
control the temperature of said substrate in 
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